From cilia and flagella to intracellular motility and back again: a review of a few aspects of microtubule-based motility.
Ciliary or flagellar movement is the model of microtubule-dependent motility, the best studied at the molecular level. It is based on the relative sliding of outer doublets of microtubules that are linked at their proximal end to the basal structure and interconnected by associated proteins, among which dynein ATPase is at the origin of the movement. It is regulated from inside and outside media by various diffusible factors such as Ca2+, cyclic adenosine monophosphate (cAMP), polypeptides and so on (see other conferences presented during this meeting). Other motility processes are based on microtubules: vesicle and organelle transport through the cytoplasm (axonal flow in neurons, pigment granule movements in fish chromatophores, movements of particles along heliozoan axopods, etc.) could be mediated by microtubule motors such as kinesin or MAP 1C. Kinesin and MAP 1C, like dynein, are proteins that bind to microtubules and show an ATPase activity associated with force production. They differ from each other by their structure, and biochemical and pharmacological properties. The movements of chromosomes during mitosis and meiosis have long been studied, but are still poorly understood at the molecular level; this topic will be discussed in the light of recent data. Other constituents of the cytoskeleton are certainly involved in cellular motility: actin microfilaments and their motor myosin, intermediate filaments, non-actin filaments, all organized around the Microtubule Organizing Center (MTOC). As more information becomes available, it seems increasingly obvious that these various networks are closely interconnected and that each component probably modulates, resists, or favors properties of its partners, contributing to cellular and intracellular motility.